Atherosclerosis is increasingly recognized as a chronic inflammatory disease. Angiotensin II (Ang II) is a critical factor in inflammatory responses, so as to promote the pathogenesis of atherosclerosis. Toll-like receptor 4 (TLR4) activates signaling pathways leading to the expression of pro-inflammatory cytokines implicated in the etiology of atherosclerosis. Peroxisome proliferator-activated receptor g (PPARg) agonists are considered to be important in modulating vascular inflammation and atherosclerosis. Herein, we investigated the modulatory effects of rosiglitazone on Ang II-mediated inflammatory responses both in vivo and in vitro. We also examined whether TLR4-dependent signaling pathway was involved in the inhibitory effects of rosiglitazone on Ang II-induced pro-inflammatory responses in vascular smooth muscle cells (VSMCs). Male Sprague-Dawley rats received Ang II by subcutaneous infusion and/or rosiglitazone per os for 7 days. Systolic blood pressure rise in Ang II-infused rats was attenuated by rosiglitazone. Rosiglitazone also reduced Ang II-induced generation of pro-inflammatory mediators (TLR4, matrix metalloproteinase-9 and tumor necrosis factor-a), but enhanced production of anti-inflammatory mediators (PPARg and 6-keto-PGF 1a ) both in vivo and in vitro. Furthermore, treatment of VSMCs with both the TLR4 inhibitor and TLR4 small-interfering RNA (siRNA) showed that the modulatory effects of rosiglitazone on Ang II-mediated inflammatory responses in VSMCs were related to TLR4. Treatment of the cells with rosiglitazone had little effect on Ang II receptors expression (AT1 and AT2), but downregulated AT1-dependent ERK1/2 activation. Then, treatment of VSMCs with TLR4 siRNA, interferon-gamma-inducible protein 10 (IP-10) siRNA and with the special protein kinase C (PKC) inhibitor further revealed that the signaling pathway (TLR4/IP-10/PKC/NF-kB) was involved in the inhibitory effects of rosiglitazone on Ang II-induced pro-inflammatory responses in VSMCs. In conclusion, TLR4 may be a drug target involved in the ameliorative effects of PPARg agonist, rosiglitazone, on Ang II-mediated inflammatory responses in VSMCs. Moreover, rosiglitazone exerts its anti-inflammatory effect by interfering with the TLR4-dependent signaling pathway (ERK1/2/TLR4/IP-10/PKC/NF-kB) to prevent and treat atherosclerotic diseases.
Cardiovascular diseases are the leading cause of morbidity and mortality all over the world. Atherosclerosis, the background for many cardiovascular diseases, is increasingly recognized as a chronic inflammatory disease. 1, 2 Angiotensin II (Ang II), a vasoactive peptide hormone, has been implicated in vascular inflammation and progression of atherosclerosis. 3, 4 Ang II causes proliferation and migration of vascular smooth muscle cells (VSMCs), 5 release of inflammatory cytokines, 6 decrease of prostacyclin (PGI 2 ) 7 and production of matrix metalloproteinases (MMPs). 8 Therefore, Ang II is an essential factor in inflammatory responses so as to promote the pathogenesis of atherosclerosis, which is also related to activation of the immunological system. 9 Recently accumulating interest emerges from the cardiovascular research field in toll-like receptors (TLRs) family. It is now becoming clear that TLRs not only serve as receptors for pathogen-associated molecular patterns, but are also involved in the initiation and progression of cardiovascular pathologies associated with the development of atherosclerosis. TLRs, particularly TLR4, are important players in initiating early inflammatory and functional responses to danger signals arising from inflammatory stimuli. Engagement of TLR4 on the cells by the specific ligand results in the enhancement of inflammatory mediators by nuclear factorkB (NF-kB). 10 Moreover, it has been reported that Ang II upregulates TLR4 and MMP-9 expressions in VSMCs, 11, 12 suggesting a strong association between inflammatory responses and atherosclerosis.
The peroxisome proliferator-activated receptors (PPARs) are members of the nuclear receptor superfamily of transcription factors that control the expressions of a large array of genes. 13 The PPAR family comprising three members, a, g and b/d plays a crucial role, not only in improving glucose and lipid homeostasis but also in the inhibition of vascular inflammation, oxidative stress and atherosclerosis. 14, 15 In addition to targeting VSMCs, wherein they suppress proliferation and migration, MMPs production and Ang II receptor type 1 (AT1) expression, [16] [17] [18] PPARg agonists have recently been shown to possess anti-inflammatory and antiarteriosclerotic properties by antagonizing Ang II effects. [19] [20] [21] The TLR4 signaling activates mitogen-activated protein kinases and production of interferon-gamma-inducible protein 10 (IP-10), in turn activating protein kinase C (PKC) and finally resulting in the translocation of NF-kB. [22] [23] [24] Recent studies have revealed that the TLR4 signaling plays a central role in atherosclerosis, [25] [26] [27] thus providing an important link between inflammation, innate immunity and atherosclerosis. Although PPARg agonists exert anti-inflammatory and antiarteriosclerotic actions in the cardiovascular system, the exact mechanisms, whereby rosiglitazone affects Ang II-mediated inflammatory responses, and the TLR4-dependent signaling pathway involved are largely unknown. Accordingly, we examined the effects of rosiglitazone on Ang II-mediated inflammatory responses both in vivo and in vitro to explore the role of TLR4-dependent signaling pathway in the inhibitory effects of rosiglitazone on Ang II-induced inflammatory responses in VSMCs.
MATERIALS AND METHODS Materials
Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), penicillin and streptomycin were purchased from Gibco BRL (Carlsbad, CA, USA). Ang II, lipopolysaccharide (LPS) from Escherichia coli 0111:B4, PD123319, PD098059, phorbol 12-myristate-13 acetate (PMA) and chelerythrine were purchased from Sigma (St Louis, MO, USA). Losartan was purchased from Merk (Merk Corp., Darmstadt, Germany). Rosiglitazone was from Cayman (Ann Arbor, MI, USA). Polyclonal anti-rat TLR4, anti-AT1, anti-PKC, anti-NF-kB and anti-a-smooth muscle actin antibodies were from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies against PPARg, PPARa, IP-10 and MMP-9 were from ABCAM (Cambridge, UK). Antibodies against phospho-ERK1/2 and total ERK1/2 were purchased from Cell Signaling Technology (Beverly, MA, USA). Monoclonal anti-TLR4 antibody (MTS510) was from eBioscience (San Diego, CA, USA). Rat tumor necrosis factor-a (TNF-a) ELISA kit was purchased from Bender (Bender MedSystems, CA, USA). Rat 6-keto prostaglandin F 1a (6-keto-PGF 1a ) ELISA kit was purchased from Cayman. Small-interfering RNA (siRNA) specific for TLR4 (siGENOME SMARTpool, M-090819-00), siRNA specific for IP-10 (siGENOME SMARTpool, M-099124-00), negative control siRNA (NC siRNA) (siGEN-OME Non-Targeting siRNA Pool, D-001206-13-05) and DharmaFECT 2 transfection reagent (T-2002-02) were obtained from Dharmacon (Lafayette, CO, USA).
Animal Experiments
The investigation conforms to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996). Male Sprague-Dawley rats (weight 200-220 g) were obtained from the Laboratory Animal Institute of School of Medicine of Xi'an Jiaotong University (Xi'an, China). Rats were infused subcutaneously with Ang II at a dose of 150 ng/kg/min or the same volume of 0.9% saline by use of Alzet osmotic minipumps (Alza Corp.) for 7 days. Rosiglitazone (5 or 10 mg/kg/day) dissolved in 0.9% saline was intragastrically administrated for 7 days, starting from the day of Ang II infusion. Systolic blood pressure (SBP) was measured by the tail-cuff method. The animals were killed by injecting excess amount of pentobarbital and the blood was collected from the abdominal aorta for analysis of serum TNF-a and plasma 6-keto-PGF 1a levels. One portion of thoracic aorta was dissected and cleaned of fat, then frozen in liquid nitrogen for western blot assay and for RNA extraction, and other portion of thoracic aorta was fixed in 4% formaldehyde solution and embedded in paraffin. Tissue sections (5 mm thick) were prepared for confocal immunohistochemical evaluation.
Radioimmunity Analysis
To detect the effect of rosiglitazone on serum TNF-a and plasma 6-keto-PGF 1a levels in Ang II-infused rats, a radioimmunity method was used to measure the contents with the TNF-a and 6-keto-PGF 1a Detection Kits (Eastern Asia Radioimmunity Research Institute, Beijing, China) according to the manufacturer's instruction. Radioiodinated TNF-a was produced by the balance method, ranging from 0.3-24.3 ng/ ml, to construct the standard curve. The sensitivity of the assay was 0.3 ng/ml. Intra-and inter-assay coefficients of variation were o5 and o8%, respectively. Concentrations of 6-keto-PGF 1a , ranging from 25 to 1600 pg/ml, were used to construct the standard curve. The sensitivity of the assay was o25 pg/ml. Intra-and inter-assay coefficients of variation were o3.5 and o10%, respectively. The details of the procedures were reported earlier by Wen et al.
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Immunofluorescent Double Staining of Rat Vessels For immunofluorescent double staining, deparaffinized sections were fixed in 100% cold methanol, and non-specific proteins were blocked with 1% bovine serum albumin. The sections were incubated with rabbit anti-rat TLR4 antibody (1:200) or anti-rat MMP-9 antibody (1:400), and mouse antirat a-actin antibody (1:100) at 41C overnight. After incubation with appropriate fluorescence-labeled secondary antibody at the room temperature for 1 h, the sections were observed under a confocal microscope (Leica TCS SP2-AOB).
Cell Culture
The VSMCs were isolated from the thoracic aorta of male Sprague-Dawley rats by the explant technique as described earlier. 29 The cells were grown in DMEM supplemented with 10% FBS, 100 U/ml penicillin and 100 mg/ml streptomycin in 5% CO 2 at 371C. The cells were used between passages 3 and 10 for all experiments. The cells exhibited the typical 'hill and valley' growth morphology and were confirmed positive (99%) for smooth muscle a-actin immunostaining. When the cells were grown to confluence, the medium was changed to serum-free medium for an additional 24 h before the experiments.
Small-Interfering RNA The VSMCs (5 Â 10 6 ) were seeded into six-well plates and were grown until 60-80% confluent. The cells were transiently transfected with 150 pM of TLR4 siRNA, 100 nM of IP-10 siRNA or NC siRNA and using DharmaFECT 2 transfection reagent according to the manufacturer's instructions. After 48 h, TLR4 mRNA levels were detected by quantitative real time-PCR and RT-PCR, and IP-10 protein expression was analyzed by western blotting. Transfection rates of 60-70% of the cells were accepted for all the experiments.
ELISA for TNF-a and 6-keto-PGF 1a The cells were seeded into six-well plates at a density of 5 Â 10 6 cells per well, and untreated or incubated with rosiglitazone (2.5, 5 and 10 mM) and Ang II (10 À7 M) for the indicated time. In another experiment, the cells were pretreated with anti-TLR4 antibody (1 mg/ml) for 1 h before the addition of rosiglitazone (10 mM) for 1 h, and subsequently stimulated with Ang II (10 À7 M) or LPS (100 ng/ml) for 24 h. In addition, after application of NC siRNA or TLR4 siRNA for 48 h, VSMCs were exposed to rosiglitazone (10 mM) for another 1 h, and subsequently stimulated with Ang II (10 À7 M) for 24 h. The 6-Keto-PGF 1a , the stable degradation product of PGI 2 , and TNF-a in the culture supernatant of VSMCs were measured by ELISA kits according to the manufacturer's instructions.
Immunofluorescent Staining of VSMCs
To examine the effect of rosiglitazone on TLR4 and MMP-9 expression in Ang II-stimulated VSMCs, the cells were incubated with rosiglitazone (2.5, 5 and 10 mM) for 1 h and then, exposure to Ang II (10 À7 M) for 24 h. After the treatment, the cells were fixed with 4% formaldehyde-PBS for 15 min. The cell membranes were fenestrated with 0.3%Tri-ton-100-PBS and nonspecific binding sites were blocked with 10% goat serum. The cells were incubated with rabbit antirat TLR4 (1:200) or anti-rat MMP-9 antibody (1:400), and then incubated with the secondary antibody conjugated to fluorescein isothiocyanate. The immunolabeled cells were observed under fluorescence confocal microscopy (Leica TCS SP2-AOB).
Western Blotting
As described earlier, 30 protein samples (20 mg) were separated on 12% SDS-PAGE gels and transferred onto a polyvinylidene difluoride membrane (Bio-Rad). The membranes were blocked with 5% nonfat dry milk in Tris-buffered saline containing 0.1% Tween 20, and incubated with specific antibodies against TLR4 (1:200), MMP-9 (1:400), PPARg (1:400), PPARa (1:100), IP-10 (1:5000), PKC (1:400), NF-kB (1:400) and b-actin (1:400). The expression of b-actin was used as a loading control. Reagents (Pierce) for enhanced chemiluminescence were applied to the blots, and the light signals were detected by X-ray film. Optical densities of the bands were scanned and quantified with the Gel Doc 2000 (Bio-Rad).
Quantitative Real-Time PCR and RT-PCR The mRNA expression was determined by a modification of our earlier method. 31 Total RNA was isolated with TRIzol reagent kit (Invitrogen, CA, USA). The cDNA was synthesized from 1 mg sample of total RNA by using Revert Aid First Strand cDNA Synthesis Kit (Fermentas, St Leon-Rot, Germany) following the manufacturer's instructions. Real-time PCR was carried out with the SuperScript III Platinum SYBR-Green One-Step qRT-PCR kit (Invitrogen) on an Mx3000P QPCR System (Stratagene, LaJolla, CA, USA) following the manufacturer's instructions. Primers for rat TLR4, MMP-9, PPARg, PPARa and b-actin were designed with Beacon designer v 4.0 (Premier Biosoft, USA) (see Table 1 for the sequences). b-actin was used as an endogenous control. Traditional PCR was carried out according to the manufacturer's instructions. The RT-PCR products were analyzed by electrophoresis through 2% agarose gels containing ethidium bromide. A melting point dissociation curve generated by the instrument was used to confirm that only a single product was present. Quantization of relative gene expression was calculated by the comparative C t method (2 ÀDDC T ) as described by the manufacturer.
Statistical Analysis
Data were expressed as mean ± s.e.m. Differences were determined by unpaired Student's t-test and one-or two-way ANOVA followed by Dunnett test. A value of Po0.05 was considered to be statistically significant.
RESULTS

Effect of Rosiglitazone on TNF-a and 6-keto-PGF 1a Generations in Ang II-Infused Rats
To investigate the effect of rosiglitazone on TNF-a and 6-keto-PGF 1a generations in Ang II-infused rats, we measured serum TNF-a and plasma 6-keto-PGF 1a levels by a radioimmunity method. In rosiglitazone (5 and 10 mg/kg)-treated groups, there was evident decrease in TNF-a level ( Figure 1a ) and increase in 6-keto-PGF 1a secretion compared with Ang II-treated group (Figure 1b) . The results indicate that rosiglitazone reduces TNF-a production and enhances 6-keto-PGF 1a release in Ang II-infused rats.
SBP in Ang II-Infused Rats
The SBP of the rats was evaluated at before, 3 and 7 days after infusion of the Ang II. On the third day, there was not significant difference in SBP among the groups (Figure 1c ). After infusion of Ang II for 7 days, SBP was increased, but rosiglitazone at the dose of 5 and 10 mg/kg significantly lowered the rise of SBP.
Immunofluorescent Double Staining of Rat Vessels for TLR4 and MMP-9
Expressions of TLR4 and MMP-9 in the thoracic aorta were identified with immunofluorescent double staining and were observed using a confocal microscope. Representative graphs of each group were shown in Figure 2 . Compared with the control group, stronger TLR4 staining on the luminal surface and MMP-9 expression on the media were seen in the Ang II group, whereas TLR4 and MMP-9 expressions were significantly attenuated by rosiglitazone. Identification of smooth muscle cells with the antibody to a-actin to showed that TLR4 and MMP-9 were expressed predominantly in smooth muscle cells in each group. These results show that rosiglitazone remarkably reduces expressions of TLR4 and MMP-9 in the aortic VSMCs in Ang II-infused rats. 
Concentration-Dependent Effects of Rosiglitazone on TNF-a and 6-keto-PGF 1a Productions in Ang IIStimulated VSMCs
To further confirm the effects of rosiglitazone on Ang IIinduced TNF-a and 6-keto-PGF 1a productions, VSMCs were pretreated with rosiglitazone (2.5, 5 and 10 mM) for 1 h, and then stimulated with Ang II (10 À7 M) for the indicated time (12, 24, 36 and 48 h). As shown in Figure 4a , rosiglitazone concentration-dependently suppressed TNF-a production and increased 6-keto-PGF 1a secretion in Ang II-stimulated VSMCs (Figure 4b ).
Attenuation by Rosiglitazone of TLR4 and MMP-9 Expressions in Ang II-Stimulated VSMCs with Immunofluorescence Analysis
In light of the above-mentioned results in vivo, effects of rosiglitazone on TLR4 and MMP-9 expressions in Ang IIstimulated VSMCs were further determined. The cells were pretreated for 1 h with rosiglitazone (2.5, 5 and 10 mM) before exposure to Ang II (10 À7 M) for 24 h and then, TLR4 and MMP-9 expressions were identified with immunocytofluorescence and observed using a confocal microscope. The 
Rosiglitazone regulates inflammation through TLR4 Y Ji et al results showed that rosiglitazone also attenuated TLR4 and MMP-9 expressions in Ang II-stimulated VSMCs in a concentration-dependent manner ( Figure 5 ).
Effects of Rosiglitazone on Protein and mRNA Expressions of TLR4, MMP-9, PPARc and PPARa in Ang IIStimulated VSMCs We also further observed the effects of rosiglitazone on protein and mRNA expressions of TLR4, MMP-9, PPARg and PPARa in Ang II-stimulated VSMCs. As shown in Figure 6 , rosiglitazone concentration-dependently downregulated protein and mRNA expressions of TLR4 and MMP-9, upregulated protein and mRNA expressions of PPARg, but had little effect on PPARa expression in Ang II-stimulated VSMCs.
Relationship Between Effects of Rosiglitazone on Ang IIInduced Inflammatory Responses in VSMCs and TLR4
The above-mentioned results show that rosiglitazone may reduce TNF-a production and enhance 6-keto-PGF 1a release, and downregulate TLR4 expression in Ang II-stimulated VSMCs in vivo and in vitro. To evaluate whether rosiglitazone inhibits the inflammatory responses through TLR4, VSMCs were pretreated without or with anti-TLR4 antibody (1 mg/ ml) for 1 h before the addition of rosiglitazone (10 mM) for 1 h, and subsequently stimulated with Ang II (10 À7 M) or LPS (100 ng/ml) for 24 h. As shown in Figure 7a and b, compared with the control, stimulating the cells with Ang II or LPS resulted in TNF-a elevation and 6-keto-PGF 1a reduction, whereas the TLR4 inhibitor and rosiglitazone partially reversed the Ang II-and LPS-induced effects in VSMCs. Moreover, treatment of the cells with a combination of the TLR4 blocker and rosiglitazone synergistically reversed Ang II-induced changes of TNF-a production and 6-keto-PGF 1a release in comparison with treatment of the TLR4 blocker or rosiglitazone alone. Considering that the TLR4 blocker antagonizes effects of Ang II and LPS on TNF-a and 6-keto-PGF 1a , and rosiglitazone downregulates TLR4 expression in VSMCs, consequently, the modulatory effects of rosiglitazone on TNF-a production and 6-keto-PGF 1a release in Ang IIinduced VSMCs are associated with TLR4.
The experiment also found that the TLR4 inhibitor reduced MMP-9 expression, and enhanced PPARg and PPARa expressions in Ang II-and LPS-stimulated VSMCs. Rosiglitazone also produced similar effects on MMP-9 and PPARg expressions to the TLR4 inhibitor, but had little effect on 
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Y Ji et al PPARa expression. Treatment of the cells with both the TLR4 blocker and rosiglitazone also synergistically reversed Ang IIinduced changes of MMP-9 and PPARg expressions ( Figure  7c) . Therefore, the modulatory effects of rosiglitazone on MMP-9 and PPARg protein expressions in Ang II-stimulated VSMCs are also associated with TLR4. Taken together, these imply that the inhibitory effects of rosiglitazone on Ang IIinduced inflammatory responses in VSMCs are related to TLR4.
Effects of TLR4 siRNA on Anti-Inflammatory Action of Rosiglitazone in Ang II-Stimulated VSMCs The TLR4 siRNA was applied to VSMCs to further confirm the role of this membrane receptor in Ang II-induced inflammatory responses in VSMCs and in anti-inflammatory mechanism of rosiglitazone. After VSMCs were transiently transfected with TLR4 siRNA for 48 h, TLR4 mRNA levels were obviously downregulated (Figure 8a ). The knockdown efficiency of TLR4 was 64%, as determined by quantitative Po0.001 vs Ang II þ Ros (5 mg/kg).
Y Ji et al real-time PCR. The transfected VSMCs were pretreated with rosiglitazone (10 mM) for 1 h, and then stimulated with Ang II (10 À7 M) for 24 h. Lack of TLR4 decreased Ang II-induced TNF-a production and increased 6-keto-PGF 1a release when compared with negative control, thereby showing that Ang II regulates TNF-a and 6-keto-PGF 1a productions through TLR4. Rosiglitazone reduced Ang II-induced TNF-a production and increased Ang II-decreased 6-keto-PGF 1a release in negative control, but the effects of rosiglitazone were nearly abolished in TLR4 siRNA control (Figure 8b and c) , suggesting that regulation of TNF-a and 6-keto-PGF 1a productions by rosiglitazone depends on the existence of TLR4. The results also showed that rosiglitazone did not change basal TNF-a production, but significantly increased 6-keto-PGF 1a level in the unstimulated VSMCs. The results similar to TNF-a were achieved for mRNA expression of MMP-9 ( Figure 8d) . Furthermore, we found that TLR4 siRNA also abolished Ang II-induced decrease of mRNA expressions of PPARg and PPARa when compared with negative control, thereby showing that Ang II inhibits expressions of PPARg and PPARa through TLR4. Rosiglitazone regulated PPARg mRNA levels in negative control both in the normal and in Ang II-stimulated VSMCs, but TLR4 siRNA did not change the effect of rosiglitazone on PPARg (Figure 8e ), indicating that increase of PPARg expression by rosiglitazone is not completely related to TLR4. In addition, rosiglitazone did not produce significant effect on mRNA levels of PPARa in negative control and in TLR4 siRNA control (Figure 8f ).
Inhibitory Effect of Rosiglitazone on Ang II-Induced TLR4 Expression in VSMCs by Blockade of ERK1/2
To clarify whether AT1 and ERK1/2 signaling were involved in the inhibitory effect of rosiglitazone on Ang II-induced TLR4 expression in VSMCs, the cells were subjected to losartan (10 À6 M), PD123319 (10 À5 M) and PD098059 (10 À6 M) for 30 min, followed by treatment of rosiglitazone (10 mM) for further 1 h, and subsequently stimulated with Ang II (10 À7 M) for 24 h. As shown in Figure 9a , AT1 antagonist, losartan, and ERK1/2 antagonist, PD098059, inhibited Ang II-induced TLR4 expression in VSMCs, whereas AT2 antagonist, PD123319, had no effect. Rosiglitazone alone also inhibited Ang II-induced TLR4 expression in VSMCs, and did not have any additional effects on AT1 or AT2 blockade. However, rosiglitazone produced an additional effect on PD098059 blockade, suggesting that its inhibitory effect on Ang II-induced TLR4 expression is mainly dependent on suppression of ERK1/2. Furthermore, rosiglitazone remarkably inhibited ERK1/2 phosphorylation induced by Ang II treatment (10 À7 M) for 5 min, but did not affect ERK1/2 phosphorylation in the unstimulated cells (Figure 9b) . Treatment of VSMCs with Ang II (10 À7 M) for 24 h significantly downregulated the AT1 protein expression. Although it also inhibited AT1 expression in the normal VSMCs, rosiglitazone did not produce an additional inhibitory effect on AT1 expression in Ang II-treated cells (Figure 9c ). These data suggest that inhibitory effect of rosiglitazone on Ang II-induced TLR4 expression in VSMCs mainly involves blockade of ERK1/2.
Inhibition by Rosiglitazone of Ang II-Mediated Inflammatory Responses by Interference with TLR4-Dependent Signaling Pathway in VSMCs
The effect of TLR4 siRNA on Ang II-induced IP-10 expression in VSMCs treated with rosiglitazone was examined. As shown in Figure 10a Rosiglitazone regulates inflammation through TLR4 Y Ji et al rosiglitazone (10 mM) for 1 h, and subsequently stimulated with Ang II (10 À7 M) or the specific PKC activator, PMA (100 nM), for 24 h. As shown in Figure 10d , rosiglitazone significantly suppressed Ang II-and PMA-induced NF-kB protein expression in VSMCs, and potentiated the inhibitory effect of the specific PKC inhibitor. These show that the inhibitory effect of rosiglitazone on NF-kB protein expression in VSMCs is associated with PKC. In combination, these results suggest that rosiglitazone may inhibit Ang II-induced inflammatory responses in VSMCs by interfering with ERK1/ 2/TLR4/IP-10/PKC/NF-kB signaling pathway.
DISCUSSION
This study shows that PPARg agonist, rosiglitazone, reduces Ang II-mediated productions of TLR4, MMP-9 and TNF-a, and enhances generation of PPARg and PGI 2 , both in vivo and in vitro. Our result also shows that rosiglitazone prevents hypertension in Ang II-infused rats. Furthermore, our findings suggest that the inhibitory effects of rosiglitazone on Ang II-mediated inflammatory responses in VSMCs closely involved TLR4. Another novel finding is the capability of rosiglitazone to inhibit Ang II-induced inflammatory responses in VSMCs by interfering with the TLR4-dependent signaling pathway.
Atherosclerosis is a complex multifactorial disease of the large arteries and is related to a chronic inflammatory process. 32 Inflammation is increasingly recognized as a key driving force of atherogenesis. TNF-a, an inflammatory mediator, enhances release of the other inflammatory cytokines and expression of adhesion molecules. PGI 2 , a potent modulator of inflammation, also exerts airway smooth muscle relaxation and reduces inflammation. 33, 34 MMP-9 is a proteolytic enzyme that remodels the extracellular matrix as a part of inflammatory response, which leads to plaque destablization and triggers atherosclerotic diseases. 35 This study showed that in vivo and in vitro treatment with PPARg agonist, rosiglitazone, reduced Ang II-induced TNF-a production and MMP-9 expression and enhanced PGI 2 secretion, suggesting that rosiglitazone exerts direct antiinflammatory effects in both Ang II-infused rats and Ang IIstimulated VSMCs to prevent development of atherosclerosis. Moreover, PPARs activation may limit inflammation and atherosclerosis by altering expression of the master transcription factor, NF-k B, to result in inhibition of inflammatory target genes. 36, 37 In this study, rosiglitazone significantly enhanced PPARg mRNA and protein expressions, but showed little effect on PPARa expression in Ang IIstimulated VSMCs. The results further indicate that PPARg expression itself is another site of interaction between PPARg agonist and inflammatory mediators.
Rosiglitazone has also been shown to lower blood pressure in the Ang II-infused rats to prevent vascular structural changes, endothelial dysfunction and inflammatory responses in the model. However, the vasodilator, hydralazine, produces hypotensive effect without any effect on vascular structure or inflammatory mediators, thus supporting that anti-inflammatory property of rosiglitazone is not related to the hypotensive effect. 38 In this study, rats received continuous infusion of exogenous Ang II to maintain circulating Ang II at a constant level, which probably exerted vascular inflammation and accelerated atherosclerotic process. In addition, we found that rosiglitazone relived Ang II-induced inflammatory responses, except for lowering blood pressure in the animal study, and produced direct effects on Ang II-mediated inflammatory responses in the in vitro study. In light of these findings, we speculate that rosiglitazone exerts an inhibitory effect on vascular inflammation that is independent of BP levels.
Lipopolysaccharide triggers the TLR4-dependent activation of NF-kB and other transcription factors to induce the Rosiglitazone regulates inflammation through TLR4 Y Ji et al expression of pro-inflammatory target genes through upregulating TLR4 in atherogenesis. 39 Furthermore, recent reports have revealed that TLR4 in VSMCs is also activated by Ang II, 11 and PPARg activators antagonize the effect induced by Ang II in vivo and in vitro to exert anti-oxidant and antiinflammatory actions on the cardiovascular system. 40 This study provided a direct evidence that rosiglitazone alleviated Ang II-induced TLR4 expression in VSMCs both in vivo and in vitro. However, there is still much to learn about the relationship between the inhibitory effects of rosiglitazone on Ang II-induced inflammatory responses in VSMCs and TLR4. Accordingly, both the TLR4 inhibitor and TLR4 siR-NA were applied to VSMCs to clarify whether TLR4 is involved in the inhibitory effects of rosiglitazone. We found that the TLR4-specific monoclonal antibody partially antagonized the Ang II-induced inflammatory responses, which were potentiated by rosiglitazone. In addition, Ang IImediated inflammatory responses require TLR4 at least in part, as Ang II-induced productions of MMP-9, PPARg, PPARa, TNF-a and PGI 2 were regulated by TLR4 siRNA. As LPS is a special ligand of TLR4, 41 rosiglitazone relieved LPSmediated inflammatory responses and directly downregulated Ang II-induced TLR4 expression, further suggesting that TLR4 is associated with the inhibitory effects of rosiglitazone on Ang II-induced inflammatory responses in VSMCs. In combination of the finding that lack of TLR4 almost abolishes the inhibitory effect of rosiglitazone on Ang II-mediated inflammatory responses, TLR4 is a target involved in inhibition of Ang II-induced inflammation in VSMCs by PPARg agonist.
On the basis of the results mentioned above, we further investigated the TLR4-dependent signaling pathway involved in anti-inflammatory effect of rosiglitazone in Ang II-stimulated VSMCs. Earlier studies suggest that Ang II binding 31, 42 Here, we also show that Ang II-induced TLR4 expression in VSMCs was mediated by the AT1/ERK1/2 signaling, and inhibitory effect of rosiglitazone on Ang IIinduced TLR4 expression in VSMCs mainly involves blockade of ERK1/2. Moreover, activation of TLR4 may stimulate both a myeloid differentiation factor (MyD88)-dependent and a MyD88-independent pathway. The MyD88-dependent pathway is largely responsible for controlling the expression of inflammatory cytokines, such as TNF-a, IL-6 and IL-12, through activation of NF-kB, whereas the MyD88-independent pathway induces expression of IFN-inducible genes, such as IP-10. 43 In this study, the TLR4 siRNA reduced Ang II-induced IP-10 protein expression. Rosiglitazone significantly downregulated the Ang II-induced IP-10 expression, thus suggesting that anti-inflammatory effects of rosiglitazone involve the blockade of TLR4/IP-10 pathway. Furthermore, we proved that IP-10 may lie upstream from PKC in the signal cascades, because IP-10 siRNA almost completely abolished the increase of Ang II-induced PKC expression. Rosiglitazone evidently depressed Ang II-induced PKC expression. In addition, it has been shown that PKC is able to mediate nuclear translocation of NF-kB. 44 Our study further showed that rosiglitazone served its anti-inflammatory actions by interfering with the PKC and NF-kB signalings, which are also firmly supported by the earlier findings. 45, 46 In summary, PPARg agonist, rosiglitazone, exerts its antiinflammatory effect by interfering with the TLR4-dependent signaling pathway (ERK1/2/TLR4/IP-10/PKC/NF-kB). These findings provide new mechanisms to beneficial effects of rosiglitazone in the prevention and treatment of cardiovascular disease including atherosclerosis.
